• towards each other. The crystal structure is stabilized by C-H . . . O interactions.
Introduction
Imidazo [2,1-b] [1, 3, 4] thiadiazole (IT) deriva tives with pharmacophoric substituents have promising biological and pharmacological activities. The title compound is one of such derivatives, with a coumarin molecule linked to the IT ring system.
The IT ring is bioisosteric with the Imidazo [2,1-b] thiazole ring present in the well known anthelmintic drug 'Tetramisole.' 1 In this regard, a large number of IT derivatives have been (1) Department of Studies in Chemistry, Bangalore University, Central College Campus, Bangalore 560001, India. (2) Department of Chemistry, Karnatak University, Dharwad 580003, India. * To whom correspondence should be addressed; e-mail: noorsb@ rediffmail.com reported to possess diverse pharmacological properties viz., antibacterial, 2 analgesic 3 and anthelmintic 4 activities. Coumarin derivatives are also found in varieties of natural products 5 and many of them display pharmacological properties. [6] [7] [8] [9] Apart from this, coumarins are of considerable general importance and are prominent in natural products chemistry. They have been found to possess a wide variety of uses in the perfume industry, as flavor enhancers, sunscreens and laser dyes. Encouraged by thesewide variety of applications, we thought it might be interesting to link coumarin molecule with the biologically active IT moiety expecting a molecule with enhanced biological activity. These molecules were prepared as precursors during the synthesis of potential antidiabetic thiazolidine-2,4-dione derivatives of IT.
The title compound was synthesized using Vilsmeier-Haack reagent which was made to react with the prepared 3-(2-cyclohexylimidazo[2,1-b] [1, 3, 4] thiadiazol-6-yl)-2H-chromen-2-one. This was followed by measurement of analytical data relating to the compound.
The compound was then subjected to spectroscopic analysis using IR and 1 H NMR techniques to confirm the presence of the supposed ring system, formylation at the appropriate position and the signals for the existence of aldehydic and other protons.
A single crystal X-ray diffraction analysis was carried out on the compound to investigate the geometry of the coumarin moiety and also possible contributions like intramolecular interactions towards the stabilization of the molecule. The analysis revealed certain interesting features like the individual planarity of the two ring systems despite the presence of non-planarity in their combined structure. Also, the cyclohexyl ring is found to be in chair conformation. No interesting intramolecular hydrogen bonding is observed, although there is an infinite zigzag pattern of linkage between molecules, brought about by several directionally specific C-H . . . O interactions. 
Experimental

Synthesis and characterization
The title compound was prepared in two stages as shown in Scheme 1. The reaction of 2-amino-5-cyclohexyl-1,3,4-thiadiazole 10 (1) and 3-bromoacetyl coumarin 11 (2) in boiling ethanol afforded 3-(2-cyclohexylimidazo[2,1-b]- [1, 3, 4] thiadiazol-6-yl)-2H-chromen-2-one (3) as hydrobromide salt, which was neutralized by sodium carbonate solution to get the free base. It was subjected to Vilsmeir Haack reaction to yield
The structures of the synthesized compounds were established by analytical and spectral data. • C).
3-(2-cyclohexylimidazo[2,1-b]-[1,3,4]thiadiazol-6-yl)-2H-chromen-2-one (3)
.
2-cyclohexyl-6-(2-oxo-2H-chromen-3-yl)
imidazo [2,1-b] [1, 3, 4] thiadiazole-5-carbaldehyde (4). Vilsmeier-Haack reagent was obtained by adding POCl 3 (3 ml) in DMF (20 ml) at 0
• C, with stirring. Compound 3 (3.51 g, 0.01 mol) was added to the reagent and stirred at 0
• C for 30 min. The mixture was further stirred at room temperature for 2 h and at 60
• C for additional 2 h. The reaction mixture was then poured into sodium carbonate solution and stirred at 90
• C for 2 h. After cooling, the mixture was diluted with water, extracted with chloroform and the chloroform extracts were washed with water, dried over anhydrous sodium sulphate. The solvent was removed under reduced pressure to yield the residual solid, which was recrystallised from chloroform and hexane mixture (90:10) to get pale yellow crystalline solid. (Compound 4: Yield 66%; mp. 176-178
• C).
Physical measurements
Melting points were determined in open capillaries and are uncorrected. IR spectra were recorded on Nicolet FT-IR 410 spectrophotometer.
1 H NMR spectra were recorded on Varian RX-300 MHz spectrometer using TMS as internal standard.
The Infrared spectra of imidazo [2,1-b] [1, 3, 4] 3 ) showed appropriate signals due to different protons present in the molecule. The formylation products showed a band due to υ C=O in its IR spectra and a singlet due to aldehyde proton in the NMR spectrum. The absence of singlet due to C5-H was considered as the confirmation of formylation at C 5 . 
Crystal structure determination of (4)
The X-ray diffraction data were collected on a Bruker Smart CCD Area Detector System using Mo-Kα radiation (λ = 0.71073Å), to θ max of 28.0 0 in ω-scan mode. The data were processed using SAINTPLUS 12 and absorption corrections were applied in SADABS 13 A total of 14876 reflections was collected, resulting in 4234 (R int = 0.031); of these, the number of 'observed' reflections (with I > 2 σ (I)) was 3218. Corrections for Lorentz and polarization effects were applied. The structure was solved by direct methods and difference Fourier synthesis using SHELXS97.
14 The posi- 
tions of all non-hydrogen atoms were included in the full-matrix least-square refinement using SHELXL97. 15 Anisotropic refinement using fullmatrix least-square procedures was carried out for a few cycles until convergence was reached. The hydrogen atoms were fixed geometrically; those on the coumarin moiety and in the aldehyde group were then refined freely, while the remainder were set to ride on the parent carbon atoms. The final R factors were wR 2 = 0.132 and R 1 = 0.086 for all 4234 reflections, and R 1 = 0.060 for the 'observed' data; the maximum and the minimum values of residual electron density were 0.3 and -0.2 eÅ −3 . Molecular diagrams were generated using ORTEP. 16 The details of crystal data and refinement are given in Table 1 .
Results and discussion
The selected bond distances and angles are given in Table 2 . Table 3 shows the selected torsion angles. The ORTEP diagram of the molecule is shown in Fig. 1 .
The bond lengths and angles in 4 are within normal ranges. 17 The angle between the IT group and the coumarin moieties is 48.14(2)
• , showing deviation from planarity, as observed for other coumarin derivatives. 18, 19 The two ring systems are each planar. The coumarin skeleton geometry can be compared with that of unsubstituted coumarin. 20 of coumarin-3-carboxylic acid 21 and of 3-(bromoacetyl) coumarin. 22 The double-bond character of C11 -C21 is observed in all these compounds. The C12-C11 and C21-C20 bonds, adjacent to the double bond, are systematically longer than 1.40 Å in these four molecules. The angles C16-C15-O14 and C19-C20-C21 at the junction of the two rings are, respectively, smaller and greater than 120
• . The angles around C12 follow the same behavior in all the compounds.
Compared with unsubstituted coumarin, 20 the decrease in the C12-C11-C21 bond angle by 2
• and increase in C11-C21-C20 by the same amount may be due to the IT group substituted at C11. Supplementary material CCDC 271066 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge at www.ccdc.com.ac.uk/conts/retrieving.html or from the Cambridge Crystallographic Data Centre(CCDC), 12 Union Road, Cambridge CB2 1BZ. UK: fax: + 44(0)1223.336033: e-mail: deposit@ccdc.com.ac.uk.
